Summary Of patients being treated by radiotherapy for cancer, a small proportion develop marked long-term radiation damage. It is believed that this is due. at least in part, to intrinsic individual differences in radiosensitivity, but the underlying mechanism is unknown. Individuals affected by the recessive disease ataxia telangiectasia (AT) exhibit extreme sensitivity to ionizing radiation. Cells from such individuals are also radiosensitive in in vitro assays, and cells from AT heterozygotes are reported to show in vitro radiosensitivity at an intermediate level between homozygotes and control subjects. In order to examine the possibility that a defect in the ATM gene may account for a proportion of radiotherapy complications, 41 breast cancer patients developing marked changes in breast appearance after radiotherapy and 39 control subjects who showed no clinicalty detectable reaction after radiotherapy were screened for mutations in the ATM gene. One out of 41 cases showing adverse reactions was heterozygous for a mutation (insertion A at NT 898) that is predicted to generate a truncated protein of 251 amino acids. No truncating mutations were detected in the control subjects. On the basis of this result, the estimated percentage (950o confidence interval) of AT heterozygous patients in radiosensitive cases was 2.4% (0.1-12.9%) and in control subjects (0-9.0%). We conclude that ATM gene defects are not the major cause of radiotherapy complications in women with breast cancer.
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Keywords: ataxia telangiectasia: ATM, radiation sensitivity; breast cancer For most solid tumours. curatixve radiotherapy inx olves deliverinn a dose schedule at the limits of normal tissue tolerance. Most sideeffects lead to moderate functional impairment. but occasionallv these are severe and even life-threatening (Maher Committee. 1995 (1992) has suggested that -ariation in tolerance between patients is determined by differences in Indixvidual intrinsic radiosensitivitv. exen among patients wxho show no clinical symptoms of recognized radiosensitix e sy-ndromes. An understanding of the basis of these interpatient differences could lead to significant improvement in treatment by the individualization of the radiotherapy prescription.
Ataxia telangiectasia (AT) is an autosomal recessive disorder that is characterized by cerebellar ataxia. oculocutaneous telangiectasia and a predisposition to cancer (Boder and Sedgxxick. 1958) Clinicallx. AT homozv5otes exhibit marked hypersensitixitv to ionizing radiation. and fibroblasts or ly mphocytes from AT homozygotes are highly radiosensitive in various in vitro assays (Gotoff et al. 1967 : Taylor et al. 1975 : Weeks et al. 1991 : Jorgensen and Shiloh. 1996 . Although AT itself is a rare disease. it is estimated that approximately 1 %c of individuals in the general population are AT heterozvgotes (Easton. 1994 : Nagasaw-a et al. 1987 . A number of in vitro studies have suggested that cells from AT heterozvgotes may exhibit an intermediate level of radiosensitivfitv between AT homozvyotes and controls (West et al. 1995) . Moreover. cells from patients show ing adxerse normal tissue damage after radiotherapy hax e been shown to exhibit a dearee of cellular radiosensitivitv similar to that of AT heterozgootes (Johansen et al. 1996) . Taken tooether these findings have led to the hypothesis that heterozvgosity for AT may account for some of the radiation complications obserx ed in clinical practice.
The AT gene (ATM) has recently been isolated (Saxvitsky et al. 1995) . It is a large gene spanning approximately 200 kb of genomic DNA x-ith a transcript size of approximately 10 kb encoding a predicted protein of 3056 amino acids. The mutations thus far discoxvered are highly heteroceneous. and are distributed throughout the entire extent of the gene. The majority are null mutations resulting in premature termination of translation (Byrd et al. 1996 : Gilad et al. 1996 . In this study. xxe examined the Heterozygosity in ATM and RT cornplications 923 Three other sequence xariants xere obserxed in a single case but not in anx of the 39 control subjects. Two of these are intronic. insertion T at nt 160-5 and G -* A at nt 2438 + 80. Neither of these change consensual splice sequences and therefore are likely to be rare polI-morphisms. The third alteration is a non-coding change. C -*T at nt 7710 (Ala -* Ala).
Sexen sequence x-ariants xere detected in a sinale control but not in any of the 41 cases. These include: twxo intronic chan,ces.
G -s T at nt 2088-39 and ins A at nt 3027 + 28: a xariant in the 3' untranslated region. C -* G at nt 9389: txo non-coding changes. T -* C at nt 5982 (Ala -* Ala) and G A at nt 7251 (Ala Ala): and two missense coding xariants G A at nt 7572 (Arg His) and C -s T at nt 8683 (gAr -His).
The remainder of sequence x ariants w-as observed in both cases and control subjects and no substantial differences in heterozygote frequency (as ascertained from CSGE gels) betu-een cases and control subjects w-ere obserxved.
From these results the only sequence x-anant that is confidently predicted to alter ATM function is the heterozygous insertion of A at nucleotide 898 in exon 8.
DISCUSSION
A total of 80 patients 141 cases and 39 control subjects) selected from 735 exaluable wromen with earlv breast cancer randomized into a radiotherapy fractionation study were screened for mutations in ATM. One out of 41 cases showved a typical mutation that w-as predicted to generate a truncated protein (insertion A at nucleotide 8981. This case had no other predisposing factors for radiation damage and dexeloped marked breast shrinkage w-ith moderate cutaneous telangiectasia follow ing 39 Gv-in 13 fractions (approximately equix alent to 46 Gy in 23 fractions of 2.0 Gyl. No truncating mutations w ere detected in any of the 39 control subjects. It is likelx that the mutational screening technique used will miss a minoritv of mutations. particularl-of single base substitutions and large genomic rearrangements. and therefore the numbers reported may be underestimates. Nevertheless. the results suggest that ATM mutations are unlikely to account for a substantial proportion of patients with dose-limiting complications of radiotherapy (although a small contribution cannot be excluded). These results are consistent w-ith prexious reports of three AT heterozvootes who had radiotherapy for breast cancer without unusual reactions (Ramsav et al. 1996 : Fitzcerald et al. 1997 ) and 16 breast cancer cases show-ing radiotherapy complications in whom ATM mutations wxere not detected (Applebv et al. 1997) .
From studies of relatix-es of AT patients. there is exvidence that AT heterozvgositv may be associated with an increased frequency of certain types of cancer. particularly breast carcinoma (Swift et al. 1987 . 1991 : Pippard et al. 1988 . Additional evidence supporting this hypothesis has recently been obtained by genetic link-age analyses of families of AT cases using mark-ers in the xicinitv of ATM on chromosome 1 l q (Athma et al. 1996) . How ever. direct examination bv mutational screening of the ATM gene rexealed mutations in 2/401 wAomen w-ith breast cancer compared w ith 2/202 control subjects (Fitzgerald et al. 1997) . W'hereas these data do not exclude a role for ATM as a low--penetrance breast cancer susceptibility gene (Bishop and Hopper. 1997 ). they do not lend strong support either. Although the present study is not a formal test of this hypothesis because there is no matched control group and the numbers are small. detection of a single AT heterozvoote in 80 breast cancer cases does not add further w-eight to the notion that ATM is a low-penetrance breast cancer susceptibility gene.
Radiotherapy-induced breast shrinkage and distortion changres in a proportion of women after radiotherapy are progressix e. permanent and of clinical relexvance to the patient. They are also clearly related to radiotherapy dose. In the clinical trial from w-hich these patients are drawn. a 10%k difference in randomized dose (42.9 Gv in 13 fractions vs 39 Gv in 13 fractions) w-as associated with roughly a tw-ofold difference in the chance of breast shrinkage (Owen et al. 1994) . It has been shown in this study that testinc for AT heterozy gosity does not appear to offer a worthwhile approach for the identification of the radiosensitive subgroup of breast cancer patients and the search for the genetic loci responsible should continue.
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